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Introduction
43
Particulate matter in the ocean, traditionally defined as materials > 0.2 µm, is one of 44 the main reservoirs for trace elements and isotopes (TEIs), and regulates the distribution of 2. Major particle composition and suspended particle mass 117 The mass of total suspended matter in the ocean is the sum of its major, minor, and 118 trace components, however it depends mostly upon its major components, which include 119 particulate organic matter, biogenic silica, calcium carbonate, and often also lithogenic matter, 120 strontium and barium sulphate, and iron and manganese oxyhydroxides. The major particle weight of marine particulate matter, but it is critical to remove sea salt before it crystallizes 127 (e.g., Karageorgis et al., 2008) , or to correct for the mass contribution of salt (Bishop, 1991) .
128
The complete removal of sea salt is not always possible, however, especially with the high-129 throughput filter types used with in-situ pumps that retain excess seawater. Because the 130 correction for sea salt is not trivial (Lam and Bishop, 2007) , an alternative method is to 131 determine the "chemical dry weight" of particles (e.g., Bishop et al., 1977) , which is the sum 132 of the masses of the major particle components determined separately.
133
The determination of all major particle components typically requires the collection of 134 particles onto at least two filter types (McDonnell et al., this issue), usually a pre-combusted 135 glass or quartz-fiber filter for particulate organic matter, and a carbon-based filter for biogenic 136 Si and lithogenic material. Particles collected from sampling bottles (e.g., Niskin) can be 137 filtered onto two filter types by using multiple bottles tripped at the same depth, but this may 138 reduce the volume available for each sample. In-situ filtration provides an alternative method 139 to sample significantly larger volumes. Collection of particles for major particle composition 140 by in-situ filtration is ideally accomplished using a pump that has at least two flow paths (e.g., 141 Bishop et al., 1985; Lam and Morris, Patent pending) so that particles can be collected 142 simultaneously on two filter types.
143
Standard methods for determining each component can be used. Briefly, POC is 144 determined by combustion (e.g., http://usjgofs.whoi.edu/eqpac-docs/proto-18.html) and 145 converted to POM using a POM/POC ratio ranging from 1.88 g/g (Timothy et al., 2003) to 2.5 146 g/g (Bishop et al., 1977) , depending on the assumed molecular formula for POM. Biogenic 147 silica is typically determined by a weak alkaline leach followed by spectrophotometric 148 detection (e.g., Mortlock and Froelich, 1989) , and sometimes with correction for the (Mortlock and Froelich, 1989 171 172
The effect of particle composition on scavenging efficiency has so far mostly been of Mn oxyhydroxides for controlling the scavenging of particle-reactive TEIs needs to be 268 tested with more data, such as will be generated during the GEOTRACES program.
269
The development of plasma systems (producing excited atoms and ions) coupled to 
Scanning Electron Microscopy-Energy Dispersive X-ray Spectroscopy (SEM-EDS)
374
In this technique a scanning electron microscope (SEM) produces a focused beam of 
X-Ray Fluorescence (XRF)
398
In laboratory-and synchrotron-based XRF, the incident X-ray is absorbed by atoms in 399 the sample, ejecting core electrons. An electron from an outer shell fills the hole, leading to 400 the emission of a fluorescent X-ray of well-defined energy (Figure 1) particles must be deposited as a uniform layer or film. Second, the thickness of the film must 421 be thin relative to both the penetration depth of the primary X-ray and the depth from which 422 the fluorescent X-rays emerge (Bertin, 1975; Criss, 1976; Dzubay and Nelson, 1975) . ED-
423
XRF instrumentation can be calibrated using commercially available thin-film standards
424
(Micromatter Inc,) and (or) using standards fabricated using a variation of a sodium-diethyl-425 dithio-carbamate pre-concentration method (Hołyńska and Bisiniek, 1976 ).
426
The ED-XRF technique has been used successfully since the mid 1980s to document 
Synchrotron based X-Ray Fluorescence (SXRF)
442
SXRF techniques provide the ability to quantitatively map the distribution of elements 443 at sub-micron to millimeter spatial scales. Again, fluorescence X-rays are generated, but using 444 the power and brilliance of synchrotron X-rays instead of bench-top generated X-rays (as in 
X-ray Absorption Spectroscopy (XAS)
482
For measurements of chemical speciation, the absorption of X-rays by a sample is for an X-ray to be absorbed by a sample (Kelly et al., 2008) .
488
The probability of X-ray absorption depends strongly on atomic number and incident number. For example, the carbon K-edge for elemental carbon occurs at 284 eV, while the K,
505
L 2 , and L 3 edges for elemental iron occur at 7112 eV, 720 eV, and 707 eV, respectively.
506
Example absorption spectra for iron at the L 3 -and K-edges are shown in Figure 2 . Because 507 each absorption edge is the result of different electronic transitions, the information gained 508 also differs slightly, but the principle remains the same.
509
When the incident radiation is in the soft X-ray energy range (< 2 keV) or for 510 particularly concentrated samples in the hard X-ray energy range (> 5 keV), the absorption of 511 incident radiation can be directly measured using a detector that is placed behind the sample 512 in the X-ray path. The X-ray absorption coefficient is derived from the measured X-ray 
XANES, NEXAFS, and EXAFS
521
The region of the X-ray absorption spectrum around the absorption edge is referred to distinguishing between major groups of minerals (e.g., oxyhydroxides versus sulfides) (e.g., 
Scanning Transmission X-ray Microscopy (STXM)
562
STXM is a spectromicroscopy technique that combines the high resolution of an X-ray particles must be removed from the filter on which they were collected, washed of sea salt,
573
and placed onto an X-ray transparent substrate. Particles on X-ray transparent substrate such as C-coated EM grid or Si-Ni window Synchrotrongenerated X-rays (soft X-rays only: <2 keV) Elemental X-ray absorption and Xray absorption spectrum Samples must be very thin (transparent to soft X-rays) Elemental concentration and speciation maps (tens of nm spatial resolution) X-ray Photoelectron Spectroscopy (XPS)
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